Abstract La 0.5 Pb 0.5 MnO 3 perovskite-type oxide is prepared by sol-gel method. The physical and chemical properties of a nanoparticle were characterized by differential thermal analysis (DTA), thermogravimetric analysis, XRD, and scanning electron microscopy (SEM) techniques. The adsorption effect of the sample is evaluated by removal of Eosin dye from aqueous solution. The results of XRD indicate that the perovskite-type oxide has a good crystal phase at 650°C. The DTA, XRD, and SEM data revealed that La 0.5 Pb 0.5 MnO 3 nano particles are prepared successfully via sol-gel modified pechini method. These nanoparticles showed the excellent adsorption efficiency towards Eosin dye in aqueous solution. The adsorption studies were carried out at different pH values, dye concentrations, various adsorbent dosages, and contact time in a batch experiment. The dye removal efficiency was found to be decreased with increasing in initial pH of the dye solution, and nanoadsorbent exhibited good dye removal efficiency at acidic pH specially pH 1. Experimental results indicated that the adsorption kinetic data follow a pseudofirst-order rate for tested dye. The isotherm evaluations revealed that the Freundlich model attained better fits to the experimental equilibrium data than the Langmuir and Temkin models.
Introduction
Textile industry is one of those industries that consume large amounts of water in the manufacturing process [1] and, also, discharge great amounts of effluents with synthetic dyes to the environment causing public concern and legislation problems. Synthetic dyes that make up the majority (60-70 %) of the dyes applied in textile processing industries [2] are considered to be serious healthrisk factors. Apart from the aesthetic deterioration of water bodies, many colorants and their breakdown products are toxic to aquatic life [3] and can cause harmful effects to humans [4, 5] . Several physico-chemical and biological methods for dye removal from wastewater have been investigated [6] [7] [8] [9] and seem that each technique faces the facts of technical and economical limitations [8] .
The traditional physical, chemical and biologic means of wastewater treatment often have little degradation effect on this kind of pollutants. On the contrary, the technology of nanoparticulate photodegradation has been proved to be effective to them. Compared with the other conventional wastewater treatment means, this technology has such advantages as: (1) wide application, especially to the molecule structure-complexed contaminants which cannot be easily degraded by the traditional methods; (2) the nanoparticles itself have no toxicity to the health of our human livings and (3) it demonstrates a strong destructive power to the pollutants and can mineralize the pollutants into CO 2 and H 2 O. Due to the excellent features of this technology, it appears promising and has drawn the attention of researchers of at home and abroad [10] [11] [12] .
Perovskite oxides have caused great interests and have been widely studied for their various properties and application in the recent decades. They can be used as superconductors, and the critical temperature decreases linearly with increasing A-site disorder, as quantified by the variance in the distribution of A-site cation radii. The critical temperature is also very sensitive to lattice strains [13] [14] [15] [16] .
In this work, a novel photocatalyst La 0.5 Pb 0.5 MnO 3 (LPMO) was successfully fabricated through the method of sol-gel in two different temperatures with the aim of enhancing the step of the application of the technology of nanoparticulate proveskites photodegradation. Eosin ( Fig. 1) being a typical anionic dye was selected as a model dyeing pollutant to evaluate the removal performance by prepared nanoadsorbent.
Experimental

Synthesis procedure
The perovskite precursor in this work was prepared by the citrate-based sol-gel modified pechini method [17] . Reagents of La(NO 3 ) 3 .6H 2 O, C 6 H 9 MnO 6 .2H 2 O, Pb(NO 3 ) 2 and citric acid (99.5 %) were used as starting materials. Then, the aqueous solutions of metal nitrates with nominal atomic ratios La:Pb:Mn = 0.5:0.5:1 (LPMO) were mixed together in deionized water. Citric acid was proportionally added to the metal solution to have the same amounts of equivalents. The solution was concentrated by evaporation at approximately 50°C with stirring for 1 h to convert them to stable (La, Pb)/CA complexes. The solution while being stirred was heated at approximately 75°C to remove excess water and subsequently to accelerate polyesterification reaction. Then, the dry gel was obtained by letting the sol into an oven and heated slowly to 120°C. The gel pieces were ground to form a fine powder. Finally, La 0.5 Pb 0.5 MnO 3 nanoparticles were gained by thermal treatment of the precursor at 650°C for 9 h in air. The annealing of the amorphous precursor allows removing most of the residual carbon and the hexagonal perovskite phase was obtained.
Characterization
The decomposition and reaction processes of the dried polymeric gel have been analyzed by differential thermal analysis (DTA) and thermogravimetric analysis (TGA) using a STA 503, Germany, in the temperature range from room temperature to 1,000°C, in air with a heating rate of 10°C/min. The complex polymeric gel and derived powders have been also analyzed by Fourier transform infrared (FTIR) spectroscopy on Perkin Elmer BX II FTIR spectrometer. The crystallization and microstructure of the oxide powders have been characterized with an X-ray diffractometer employing a scanning rate of 0.02 S -1 in a 2h range from 20 to 70°, using a X pert, 200, Equinox 3000, France, equipped with CuK a radiation. The data have been analyzed using JCPDS standards. The microstructure and elemental distribution on the surface were investigated using KYKY EM 3200 (V = 30 kV) scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX, Inca 400, Oxford Instruments). A UV-Vis spectrophotometer (Perkin Elmer lambda 35) was employed to monitor the residual dye concentration.
Dye removal test
A prepared solution of Eosin was distributed into different flasks (100 ml capacity) and pH was adjusted with the help of the pH meter. Through applying either HCl (0.5 M) or NaOH (0.5 M), the initial pH value of the dye solution was adjusted to the preferred levels. Then, a specified mass of nano-LPMO powder (adsorbent dosage) was added to 10 mL of the Eosin aqueous solution, and the achieved suspension was immediately stirred for a predetermined time. All experiments were conducted at the room temperature. The following are the studied ranges of the experimental variables: pH of solution (1-13), dye concentration (50-250 mg/L), adsorbent dosage (0.005, 0.01 and 0.02) and contact time (1-40 min).
The concentration of the dye in the reaction mixture at different reaction time was monitored by spectrophotometry by measuring the absorption intensity at k max = 487 nm with a calibration curve. The removal efficiency of Eosin was defined as follows (1):
where C 0 is the initial concentration of Eosin and C t is the concentration of Eosin at certain reaction time t (min).
Fig. 1 Molecular structure of Eosin dye
Results and discussion
Thermal analysis
The DTA curve of LPMO is shown in Fig. 2 . According to this curve, the exothermic peak at 130°C can be attributed to the decomposition of the lead citrate into its oxide. The second exothermic peak at 320°C can be attributed to the decomposition of the manganese citrate into its oxide [18, 19] . The third exothermic peak at 560°C on this curve may be due to the formation of lanthanum oxide [20, 21] . Figure 3 shows TGA curves of the thermal decomposition process of LPMO xerogel obtained at a heating rate of 10°C/min in the air from room temperature to 1,000°C. The total weight loss of the xerogel was approximately 62 % and the decomposition process can be divided into two well-established steps. The first weight loss occurs during the heating step from 50 to 290°C (32 %), which is due to the dehydration and decomposition of nitrates. In this area, DTA curve shows an exothermic peak at 130°C. A weight loss of about 30 % is observed from 290°C to around 560°C, which assigns to the auto-combustion of the nitrate-metal-citric acid followed by the oxidation of evolved gases. The DTA curve reveals a strong exothermic peak at 330°C which is probable due to the oxidation or combustion of the chelate complex which happens along with forming the metal oxides. Apparently no weight loss was observed above 600°C. Thus, it is possible to conclude that the optimum calcination temperature is about 650°C.
X-ray structural analysis
The XRD patterns for the heat-treated LPMO powders are shown in Fig. 4 . Sample was heat treated at 650°C for 9 h (heating rate 3°C/min) after previously dwelling at 120°C for 18 h. The XRD results reveal the existence of a perovskite-type phase for sol-gel method at this temperature. As Fig. 4 shows, La 0.5 Pb 0.5 MnO 3 exhibited a crystalline perovskite phase (ABO 3 ) with relevant diffraction peaks properly indexed. In this pattern, we can identify the The crystallite grain size of the monophase samples was determined from the full width at half-maximum width (FWHM) of the XRD (2 2 0) peak using the Scherer's formula (2):
where D hkl is the particle grain size perpendicular to the normal line of (h k l) plane, b hkl is the full width at half maximum, h hkl is the Bragg angle of (h k l) peak, and k is the wavelength of X-ray. The results indicate that LPMO nanopowder sizes calcinated at 650°C are *39 nm.
SEM images and EDX analysis
The SEM analysis was carried out to determine the morphology of the sample. Figure 5 shows the micrograph of the samples synthesized by the sol-gel modified pechini method and calcinated at 650°C. According to the SEM images, the porosity of the surface is evident and it appears that the particles have developed with uniform size. The size of pores varied from 23 to 188 nm. It must be mentioned that catalytic pores of large geometric dimension are more suitable for application to the adsorption process in liquid phase due to the simplicity and easiness in solid-liquid separation and thus with much improved workability for the adsorbent. The surface looks scaly and nearly fully covered with the particles grown on it. Further, it can also be seen from the SEM image that in addition to the larger particles, the surface contains also rather smaller particles. Nonetheless, the dominant particles on the surface were the larger ones. When smaller particles (in the nm range) aggregate, this may lead to the formation of bigger LPMO NPs on the surface.
For further confirmation of the obtained product composition, the EDX analysis was carried out. Figure 6 illustrates EDX spectrum which demonstrates the existence of La, Pb, Mn and O elements in this nanoparticle.
IR spectra
Fourier transform infrared spectra were obtained for xerogels and nanopowder samples after heating treatment leading to the oxides. Figure 7a , b shows the FTIR spectra of the LPMO powders in the range of 600-4,000 cm -1 , fresh xerogels and calcined at 650°C, respectively. The FTIR spectrum is similar to the most other ABO 3 -type perovskite compounds which have common BO 6 oxygenoctahedral structure [22] [23] [24] . Two samples show the typical M-O-C pair vibrations around 1,385 and 1,593 cm -1 [25] . The characteristic band at about 1,254 cm -1 corresponds to the anti-symmetric NO 3 -stretching vibration [26] . A broad band is observed between 3,400 and 3,500 cm -1 which corresponds to the O-H stretching vibration [27] due to water species occluded into the gel. The FTIR spectra of calcined sample show the vanishing of bands related to organic and hydroxyl groups. Two bands are observed at 400-650 cm -1 in the FTIR spectrum of sample, one of them is strong at *617 cm -1 and other weak peaks at 431 cm -1 . These peaks are characteristics of perovskite oxides and can be attributed to t M-O stretching and d O-M-O bending mode of vibrations, respectively [28, 29] .
Adsorption study
Effect of pH
The pH of the dye solution can play an important role in the whole adsorption process. To determine the effect of the initial solution pH on the dye removal efficiency of Eosin by LPMO particles, pH values are changed from 1 to 13, with a fixed initial concentration of dye (50 mg/L), contact time (10 min) and adsorbent dosage (0.01 g).
As Fig. 8 shows, the dye removal was much bigger in acidic pH (pH 1 and 2), and it declined when the pH was increased from 3 to 13. Due to the fact that the Eosin removal rose to its maximum value at pH 1 (the removal of Eosin above 98 % was attained), the dominant adsorption mechanism might be the electrostatic attraction between the dye molecules (negatively charged) and LPMO surface (positively charged). Thus, to reach the optimized condition to remove Eosin, acidic pH should be used and pH 1 seems to give rise to the best result. That is why this pH was selected for the next experiments.
Effect of contact time and adsorbent dosage
To further assessing of dye removal, the effects of mixing time and adsorbent dosage on the removal of Eosin by LPMO nanoparticles were studied. Initial dye concentrations and pH of the solutions were fixed at 50 mg/L and 1, respectively, for all the batch experiments.
As it is obvious, Fig. 9 , the increase in mixing time in different dosages of adsorbent leads to a decrease in the concentration of Eosin. This behavior also occurred when adsorbent dosage increased from 0.005 to 0.02 g. This decrease in the concentration is because of the adsorption of Eosin on LPMO nanoparticles and also due to the greater number of adsorption sites for dye molecules made available at greater LPMO dosages. The removal efficiency of Eosin at the initial dosage of 0.005 g grew from 28 % at the second minute of contact to 95 % at the 40th minute. However, with increasing LPMO dosage to 0.02 g, the percentage of removal obtained in the second minute of stirring was 84 %, and complete removal (99 %) was achieved when the stirring was continued till time equals to 15 min. The low adsorbent dosage used for complete removal of Eosin on to LPMO nanopowder is an advantage of this study.
Effect of dye concentration
Another significant variable that can influence the adsorption process is the initial dye concentration. The effect of initial Eosin concentration on dye removal percentage by LPMO particles was investigated by changing the initial dye concentration from 50 to 250 mg/L at pH 1, an adsorbent dosage of 0.02 g and contact time of 10 min, as illustrated in Fig. 10 . Results reveal that decolorization of textile dye Eosin decreases with the rise in initial concentration. As can be seen, when the concentration was increased to 250 mg/L, the removal percentage decreased from around 100 % at a concentration of 50 mg/L to 98 %. This behavior shows the dependency of adsorption to initial concentration of Eosin, although the appropriate efficiency of adsorbent maintains in high concentrations.
Adsorption kinetics
Several models are available to investigate the adsorption kinetics. The first-(Eq. 3) and second (Eq. 4)-order reaction rate equations are the most commonly applied models [30, 31] . To find a suitable chemical removal model for describing the experimental kinetic data, the data were fitted into the first-and second-order models:
where k 1 and k 2 are the first-order and second-order rate constants, respectively. The plots of experimental results of the two models showed that the removal of dye follows first-order kinetics with rate constant of 0.105 M -1 min -1 . 
Adsorption isotherms
The quantity of the dye that could be adsorbed over the nanoperovskites surface is a function of concentration and may be explained by adsorption isotherms. The Langmuir, Freundlich and Temkin isotherm models were applied to the adsorption data. For the equilibrium concentration of adsorbate (C e ) and the amount adsorbed at the equilibrium (q e ), the following forms of the Langmuir (Eq. 5) and Freundlich (Eq. 6) adsorption isotherm equations were used (Eqs. 5, 6):
where the q max (mg g -1 ) is the surface concentration at mono-layer coverage which illustrates the maximum value of q e . The b parameter is a coefficient related to the energy of adsorption and it increases with increasing strength of the adsorption bond [32, 33] . K F and n are constants of the Freundlich equation [34] . The constant K F represents the capacity of the adsorbent for the adsorbate and n relates to the adsorption distribution.
Moreover, the derivation of the Temkin isotherm assumes that the fall in the heat of adsorption is linear rather than logarithmic, as implied in the Freundlich equation. The Temkin isotherm is as following.
where A and B are isotherm constants. The linearized form plots of the Langmuir, Freundlich and Temkin isotherms are shown in Figs. 11, 12 and 13. The parameters of these isotherm models for adsorption of Eosin using the La 0.5 Pb 0.5 MnO 3 nanoparticles are summarized in Table 1 . The value of correlation coefficient for Freundlich isotherm is greater than that of the Langmuir and Temkin isotherms. This indicates that Freundlich model can describe the adsorption of Eosin on nanoperovskites better than the other models.
Conclusions
The nanoperovskite La 0.5 Pb 0.5 MnO 3 was prepared by sol-gel method using citric acid. The XRD reveals that the nanoparticles prepared by calcinating the gel precursor at 650°C for 4 h have good crystallinity with fine Hexagonal perovskite structure. The FTIR spectroscopy confirmed the structure of obtained nanoperovskites. In the present study, we demonstrated the nanoperovskites can act as a novel adsorbent material for removal of Eosin. The results demonstrated that the Eosin dye can be successfully removed from aqueous solutions by the nanoperovskites. A first-order model describes the adsorption kinetic data. The equilibrium adsorption can be described using Freundlich model. This adsorbent exhibits either comparable or better performance to the existing adsorbents, already reported by researchers for dye removal from aqueous solutions [17, 35, 36] . Therefore, these nanoperovskite-type oxides are promising candidates for the adsorption of different dyes from wastewaters.
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